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PROBLEM TO BE SOLVED: To provide a sealing 
structure of a fuel cell capable of improving rebuildability 
and recyclability, and a manufacturing method of the 
same. 

SOLUTION: (1) The sealing structure of the fuel cell, 



32 composed of a material chosen from a gel, a highly *■ ^ 

viscous substance, keeping the initial state of the 

material even in the environment of the fuel eel! in 

use;and a constraint part 33 formed on at least one of 

the two component parts interposing the sealing 

materials, constraining the flow of the sealing material. 

(2) The curing process of the sealing material 32 is 

separated from the process of laminating the structural component, and performed prior to the 
process of laminating the structural component. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is the seal structure of a fuel cell which carries out the seal of between component parts in 
which a fuel cell is laminated, 

A sealant which consists of material chosen from gel, high viscosity material, and a binder, and 

maintains an early material state also under a fuel cell operating environment, 

A restrain part which restrains a flow of said sealant formed at least in one side of two 

component parts which ****(ed) this sealant in between, 

Seal structure of a ****** fuel cell. 

[Claim 2] 

Seal structure of the fuel cell according to claim 1 which has a constant ** part which maintains 
uniformly a separator interval of said sealant part established at least in one side of a 
separator located in component-parts laminating direction both sides of said sealant at one or 
a different body. 
[Claim 3] 

Seal structure of the fuel cell according to claim 1 with which said sealant has adhesiveness on 
the surface at least. 
[Claim 4] 

Seal structure of the fuel cell according to claim 1 with which said restrain part has the uneven 
shape which serves as a convex or concave toward said sealant. 
[Claim 5] 

Seal structure of the fuel cell according to claim 1 whose two component parts which ****(ed) a 
sealant in between are a separator and a separator. 
[Claim 6] 

Seal structure of the fuel cell according to claim 1 whose two component parts which ****(ed) a 
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sealant in between are a separator and an electrolyte membrane. 
[Claim 7] 

Seal structure of the fuel cell according to claim 2 with which it is a separator and a separator 
with which two component parts confront each other on both sides of an electrolyte membrane, 
and separators are electrically insulated in said constant ** part. 
[Claim 8] 

Seal structure of the fuel cell according to claim 1 to 7 in which said fuel cell is a fuel cell of a 
low temperature form. 
[Claim 9] 

It is a manufacturing method of seal structure of a fuel cell which arranges a sealant and 
carries out the seal of between said component parts which consists of material chosen from 
gel, high viscosity material, and a binder between component parts in which a fuel cell is 
laminated, and maintains an early material state also under a fuel cell operating environment, 
A manufacturing method of seal structure of a fuel cell which made a process to hardening of 
gel of said sealant, a high viscosity agent, or a binder a process other than a process of 
lamination of component parts of having stuck a sealant, and placed it before a process of 
lamination of component parts. 
[Claim 10] 

A manufacturing method of seal structure of the fuel cell according to claim 9 in which said fuel 
cell is a fuel cell of a low temperature form. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the seal structure and the manufacturing method of a fuel cell. 
[0002] 

[Description of the Prior Art] 

A solid polyelectrolyte type fuel cell consists of a layered product of a film-electrode assembly 
(MEA:Membrane-Electrode Assembly) and a separator, a film-electrode assembly consists of 
an electrode (a cathode, an air pole) which consists of a catalyst bed which the electrode (the 
anode, the fuel electrode) and electrolyte membrane which consist of a catalyst bed arranged 
at the whole surface of the electrolyte membrane which consists of ion-exchange membranes, 
and this electrolyte membrane were alike on the other hand, and has been arranged. Between 
a film-electrode assembly and a separator, a diffusion zone is provided in the anode and 
cathode side, respectively. The fuel gas flow route for supplying fuel gas (hydrogen) to an 
anode is formed in a separator, and the oxidizing gas passage for supplying oxidizing gas 
(oxygen, usually air) to a cathode is formed in it. The refrigerant passage for pouring a 
refrigerant (usually cooling water) is also formed in the separator. Constitute a cell for a film- 
electrode assembly and a separator in piles, and a module is constituted from at least one cell, 
Laminate a module, consider it as a cell layered product and to the cell laminating direction 
both ends of a cell layered product. A terminal, an insulator, and an end plate are arranged, a 
cell layered product is bound tight to a cell laminating direction, it fixes with the fastening 
member (for example, tension plate) and bolt nut which are prolonged in a cell laminating 
direction on the outside of a cell layered product, and a stack is constituted. 
In the anode side of each cell, the reaction which uses hydrogen as a hydrogen ion (proton) 
and an electron is performed, a hydrogen ion moves the inside of an electrolyte membrane to 
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the cathode side — the cathode side — oxygen, a hydrogen ion, and an electron (the electron 
generated with the anode of the next MEA lets a separator pass.) Or the next reaction for 
which the electron generated with the anode of the cell of one cell laminating direction end 
generates water from coming to the cathode of the cell of the other end through an external 
circuit is performed. 

Anode side: H 2 ->2H + +2e" 

Cathode side: 2H + +2e"+(1/2) 0 2 ->H 2 0 

For example, in order to prevent the leakage of fuel gas, oxidizing gas, or cooling water, or 
mixing, the seal of between between separators or separator, and electrolyte membrane of the 
laminated cell is carried out as indicated by JP,8-45517,A. 
The conventional seal usually takes which following seal structure or method. 

1) Secure gas-seal nature with adhesives (bonded seal). 

2) With a separator, pinch an electrolyte membrane directly and carry out a seal (application- 
of-pressure seal). 

3) Put a rubber sheet, an O ring, etc. between an electrode and a separator (application-of- 
pressure seal by sealant pinching). 

[0003] 

[Problem(s) to be Solved by the Invention] 

However, there is next SUBJECT in the seal structure of the conventional fuel cell, 
respectively. 

1) SUBJECT of a bonded seal 

- In order to paste up, disassembly of an after-creation module is difficult and recycling and 
Ribi Rudo (reassembly) are difficult. 

- When modularizing, heating and the pressurizing process in the state where laminated the 
work and it fixed are needed. In this case, load is applied, and since it is necessary to stiffen 
adhesives where adhesives are crushed, in a modularization process, a heating process and a 
pressurizing process are performed simultaneously. Therefore, since the number of the works 
which the fixing device according to a burst size is needed according to hardening completion 
time, and can be put into a fixing device at once is also restricted, productivity is low. 

- Since sealing nature is secured only by adhesive strength, if adhesive strength declines by 
material degradation (adhesives and adherend), it will become impossible to secure sealing 
nature and will be hard to secure reliability over a long period of time. 

- Since it is difficult to make the same the expansion coefficient of the adhesives layer which is 
adhesives, and other parts, contact resistance changes and battery capacity produces a 
difference by a temperature change because the planar pressure change to the polar zone 
occurs by the temperature change of a product. 
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- Contact resistance changes and battery capacity changes because the planar pressure 
change to the polar zone occurs by the creep of the adhesives themselves. 

- In order to secure gas-seal nature, it is necessary to secure a fixed seal width, and a seal 
width becomes large. 

- Out of a work, the process of removing the "barricade" disturbed and hardened is needed. 
2) SUBJECT of an application-of-pressure seal and the application-of-pressure seal by 3 
sealant pinching 

- Since each part is not united and comes apart, at the time of manufacture, the handling by a 
module unit is difficult. 

- When planar pressure falls according to the creep of seal rubber etc., the difference in the 
coefficient of linear expansion of parts, etc., it becomes impossible to secure sealing nature. 

- Since leak and evaluation of performance can be performed only after finishing setting up to 
a stack, it is necessary to decompose the whole stack, and if there are not an assembly, in 
addition ** in exchange of inferior goods again, it will not become it, but working efficiency is 
bad. It is difficult to pinpoint a leaking spot. Even if a leaking spot is found in part and it 
exchanges those, there may be other leaking spots and decomposition of the whole stack for 
the second time and reassembly will be needed in that case. 

- Since deer stack load grant cannot be performed after laminating all the cell, it is easy to 
generate a position gap of each part during lamination. 

[0004] 

The purpose of this invention is to provide fuel cell seal structure which can raise the Ribi Rudo 
nature, recycling efficiency, and productivity of a fuel cell, and a manufacturing method for the 
same. 

Even if another purpose of this invention has few aforementioned problems either, there is in 
providing fuel eel! seal structure which solves one, and a manufacturing method for the same. 
[0005] 

[Means for Solving the Problem] 

This invention which attains the above-mentioned purpose is as follows. 

(b) It is the seal structure of a fuel cell which carries out the seal of between component parts 

in which a fuel cell is laminated, 

A sealant which consists of material chosen from gel, high viscosity material, and a binder, and 

maintains an early material state also under a fuel cell operating environment, 

A restrain part which restrains a flow of said sealant formed at least in one side of two 

component parts which ****(ed) this sealant in between, 

Seal structure of a ****** fuel cell. 

(**) It consists of a plastic material chosen from gel, the body which can be flowed, and plastic 
polymer between component parts in which a fuel cell is laminated, It is a manufacturing 
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method of seal structure of a fuel cell which consists of material chosen from gel, high viscosity 
material, and a binder, arranges a sealant which maintains an early material state also under a 
fuel cell operating environment, and carries out the seal of between said component parts, 
A manufacturing method of seal structure of a fuel cell which made a process to hardening of 
gel of a sealant, high viscosity material, or a binder a process other than a process of 
lamination of component parts of having stuck a sealant, and placed it before a process of 
lamination of component parts. 
[0006] 

In a manufacturing method of seal structure of a fuel cell of the above-mentioned (b), and seal 
structure of a fuel cell of the above-mentioned (**). A sealant consists of material chosen from 
gel, high viscosity material, and a binder, Before a laminating process of component parts, 
material hardening (three-dimensional resin bridge construction) of the sealant itself is 
completed, Since component parts are only combined with adhesive power of a sealant unlike 
adhesion by adhesives, Component parts can be separated by a sealant part, and the sealant 
itself can be separated from component parts, modular disassembly and decomposition of a 
stack are possible, and Ribi Rudo (reassembly) of a fuel cell and recycling are possible. 
Since the state is maintained for a sealant with gel, high viscosity material, or a binder and 
conclusion load is not applied to a sealant, The almost same sealant width as a time of 
applying a sealant on component parts is maintainable, when the former carries out 
application-of-pressure lamination, it is not necessary to secure change cost of width like 
adhesives with which width spreads, and sealant width to prepare can be narrowed, and an 
electrode use area rate improves. 

In a manufacturing method of seal structure of a fuel cell of the above-mentioned (**). Since 
gel of a sealant or a process of hardening (it is not solidification) to high viscosity material was 
made into a process other than a process of lamination of component parts and was placed 
before a process of lamination of component parts, What applied a sealant to a work can be 
put into a furnace (hardening device) etc. in large quantities, or ultraviolet rays etc. can be 
exposed to them and stiffened, and productivity can be raised. In the case of a binder, since 
what stuck a hardened adhesive sheet (it is not solidification) on a work is producible in large 
quantities, productivity can be raised. 
[0007] 

[Embodiment of the Invention] 

Below, the fuel cell of this invention is explained with reference to drawing 1 - drawing 8 . 
The fuel cell of this invention is a fuel cell of a low temperature form, for example, is the solid 
polyelectrolyte type fuel cell 10. This fuel cell 10 is carried, for example in a fuel cell electric 
vehicle. However, it may be used in addition to a car. 
[0008] 

http://ww4.ipdl.^ 10/16/2009 



JP,2004-055350,A [DETAILED DESCRIPTION] Page 5 of 1 5 

The solid polyelectrolyte type fuel cell 10 consists of a layered product of a film-electrode 
assembly (MEA:Membrane-Electrode Assembly) and the separator 18, as shown in drawing 1 , 
drawing 6 - drawing 8 . a film-electrode assembly consists of the electrode (a cathode, an air 
pole) 17 which consists of the catalyst bed 15 which the electrolyte membrane 11 which 
consists of ion-exchange membranes, and the electrode (the anode, the fuel electrode) 14 and 
the electrolyte membrane 1 1 which consist of the catalyst bed 12 arranged at the whole 
surface of this electrolyte membrane were alike on the other hand, and has been arranged. 
Between a film-electrode assembly and the separator 18, the diffusion zones 13 and 16 are 
formed in the anode and cathode side, respectively. 
[0009] 

The fuel gas flow route 27 for supplying fuel gas (hydrogen) to the anode 14 is formed in the 
separator 18, and the oxidizing gas passage 28 for supplying oxidizing gas (oxygen, usually 
air) to the cathode 17 is formed in it. The refrigerant passage 26 for pouring a refrigerant 
(usually cooling water) is also formed in the separator. 

The refrigerant manifold 29, the fuel gas manifold 30, and the oxidation gas manifold 31 are 
formed in the separator 18. It is open for free passage to the refrigerant passage 26, the fuel 
gas manifold 30 is open for free passage to the fuel gas flow route 27, and the oxidation gas 
manifold 31 is opening the refrigerant manifold 29 for free passage to the oxidizing gas 
passage 28. 

Any of resin ** by which the separator 18 was given carbon, metal or metal, resin, or 

conductivity or its combination, **, ** and others 

[0010] 

As shown in drawing 8 , the cell 19 is constituted for a film-electrode assembly and the 
separator 18 in piles, Constitute a module from at least one cell, laminate a module, and it is 
considered as a cell layered product, To the cell laminating direction both ends of a cell 
layered product, the terminal 20, the insulator 21 , and the end plate 22 are arranged, A cell 
layered product is bound tight to a cell laminating direction, it fixes with the fastening member 
(for example, tension plate 24) and the bolt nut 25 which are prolonged in a cell laminating 
direction on the outside of a cell layered product, and the stack 23 is constituted. 
[0011] 

As shown in drawing 5 - drawing 7 , the sealant 32 is arranged between the component parts 
(component parts which contain the separator 18 and the electrolyte membrane 1 1 at least) of 
the fuel cell 1 0. Two component parts which ****(ed) the sealant 32 in between are the 
separator 18 and the separator 18, or are the separator 18 and the electrolyte membrane 11. 
Drawing 5 shows arrangement of the sealant 32 of cell face inboard, and drawing 6 and 
drawing 7 show arrangement of the sealant 32 of a cell laminating direction. 
The sealant 32 is carrying out the seal of each fluid passages 26, 27, and 28 and each 
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manifolds 29, 30, and 31 from the fluid passage, the manifold, and the fuel cell outside of a 
different kind. Therefore, when there is the sealant 32, each fluid is not mixed with a different 
fluid, and does not leak outside. 

The sealant 32 is arranged without [ between the separator 18 and the separators 18 or ] 
between the separator 18 and the electrolyte membranes 11, and carries out the seal between 
the separator 18 and the separators 18 or of between the separator 18 and the electrolyte 
membranes 1 1 . 
[0012] 

Although the sealant 32 comprised adhesives or an O ring (adhesives and an O ring are a 
solid also under the fuel cell operating environment) conventionally, The sealant 32 consists of 
material chosen from the group who consists of gel, high viscosity material, and a binder in this 
invention, An early material state is maintained also under a fuel cell operating environment 
(maintaining a module or the almost same state as the state of the sealant at the time of the 
assembly to a stack is continued without drying and solidifying). Therefore, since the sealant 
32 has only combined component parts with the adhesive power of the sealant 32 unlike 
adhesion by adhesives, Component parts can be separated by a sealant part, and sealant 32 
the very thing can also be separated from component parts, modular disassembly and 
decomposition of a stack are possible, and Ribi Rudo (reassembly) of a fuel cell and recycling 
are possible. 

two component parts (a separator and a separator.) which ****(ed) the sealant 32 in between 
or a separator and an electrolyte membrane - at least - on the other hand (it is the separator 
when at least one side of two component parts is a separator) - **** - the restrain part 33 
which restrains a flow of the sealant 32 is formed. 

Even if the internal pressure of a fluid is applied to the sealant 32 by forming the restrain part 
33, the sealant 32 does not move relatively to component parts, or is not blown away from an 
arrangement part. 
[0013] 

When the separator 18 is located in the component-parts laminating direction both sides of the 
sealant 32, The constant ** part 34 which maintains the separator interval of a sealant part 
uniformly to at least one [ which is located in the component-parts laminating direction both 
sides of the sealant 32 ] separator 18 of the separator 18 is formed in the separator 18 at one 
or a different body. Therefore, even if stack conclusion load is applied to a cell layered product, 
the load can receive stack conclusion load in the constant ** part 34, the sealant 32 cannot 
receive the load and, in the sealant 32, thickness does not change with stack conclusion loads 
after stack conclusion. A module can be created only by carrying MEA on a separator and 
carrying a separator further, and like before, in order to crush adhesives, it is not necessary to 
force a separator also at the time of modularization. 
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[0014] 

The constant ** part 34 is formed in the periphery of a peripheral part of the separator 18. By 
the constant ** part 34, also in the restrain part 33, between two component parts (a separator, 
a separator or a separator, and an electrolyte membrane), an interval is in a cell laminating 
direction, the sealant 32 exists in the interval, and the separator 18 which had the interval 
maintained is carrying out the seal of between two component parts. 
When there is no aggressiveness crushing of the sealant 32 by the constant ** part 34, the 
sealant 32 hardly spreads crosswise. Therefore, it is not necessary to provide spread cost like 
[ in the case of adhesives ]. 

The sealant 32 has adhesiveness on the surface at least. In this case, sealant 32 the very 
thing may be material with adhesiveness, and what applied slime to the surface without 
adhesiveness of the sealant 32 may be sufficient as self. 
[0015] 

As shown in drawing 1 , drawing 2 , drawing 6 , and drawing 7 , the restrain part 33 has the 
uneven shape which serves as a convex or concave toward the sealant 32. In a-d of drawing 
2, the restrain part 33 has protruded ribs (you may also call it a convex rib) of the continuous 
state or the shape (the shape of stripes, or island shape) of discontinuous of one or more 
sections. The height of protruded ribs is height in which the gap which intervenes the sealant 
32 between the protrusion tip of protruded ribs and opposite component parts remains. 
By making the restrain part 33 into uneven shape, the sealant 32 eats into the restrain part 33, 
a wedge effect shows up, and sealing nature becomes still larger. 

It may replace with the above-mentioned uneven shape, plasma treatment etc. may carry out a 
contact surface with the sealant 32, and the restrain part 33 may raise adhesive strength 
(disengageable adhesive strength). A reaction group is located on the surface by plasma 
treatment, and adhesive strength with a sealant improves. 
[0016] 

Drawing 2 shows the sectional shape of the uneven shape of the various restrain parts 33, 
when the restrain part 33 has uneven shape. In drawing 2 , 

Two component parts in which the restrain part 33 consists of protruded ribs, a) shows the 
case where the taper 33a is in the crosswise both ends of protruded ribs in case hydrostatic 
pressure starts from both sides, and a-1 counters (although the example of drawing 2 shows 
the case where two component parts are a separator and a separator) The case where 
protruded ribs are formed is shown only to one of the two of two component parts in which a-2 
counters the case where protruded ribs are formed in both being a separator and an electrolyte 
membrane, respectively. 

The case where the restrain part 33 consists of protruded ribs, and b) does not have a taper in 
the crosswise both ends of protruded ribs in case hydrostatic pressure starts from both sides is 
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shown, b-1 shows only one of the two of two component parts in which b-2 counters the case 
where protruded ribs are formed in both two component parts which counter the case where 
protruded ribs are formed, respectively. 
[0017] 

The restrain part 33 consists of protruded ribs, and c) shows the case where there is the taper 
33a only in crosswise one end (end of the side which requires internal pressure) of protruded 
ribs in case hydrostatic pressure starts from one side, c-1 shows only one of the two of two 
component parts in which c-2 counters the case where protruded ribs are formed in both two 
component parts which counter the case where protruded ribs are formed, respectively. 
The case where the restrain part 33 consists of protruded ribs, and d) does not have a taper in 
crosswise one end (end of the side which requires internal pressure) of protruded ribs in case 
hydrostatic pressure starts from one side is shown, d-1 shows only one of the two of two 
component parts in which d-2 counters the case where protruded ribs are formed in both two 
component parts which counter the case where protruded ribs are formed, respectively. 
[0018] 

As for e of drawing 2 , the restrain part 33 consists of a crevice of one or more sections, and 
the sealant 32 is filling the crevice, The case where hydrostatic pressure starts the sealant 32 
from crosswise both sides is shown, and e-1 shows only one of the two of two component 
parts in which e-2 counters the case where the crevice is formed in both two component parts 
which counter the case where the crevice is formed, respectively. The sealant 32 
demonstrates a wedge effect in the portion which comes out from a crevice to the part which is 
not a crevice. 
[0019] 

It is the separator and separator with which two component parts confront each other on both 
sides of the electrolyte membrane 11, and when the separators pinch MEA, in the constant ** 
part 34, separator 18 comrades are electrically insulated, in order not to cause a short circuit in 
parallel with the electrolyte membrane 1 1 . This can be easily made into discontinuous 
construction by being crowded with the constant ** part 34 on both sides of an insulation 
material between the separators 18, or carrying out spreading formation of the insulating film in 
the end face of the constant ** part 34 etc. since the constant ** part 34 is in the outer 
periphery part of a cell - an insulation material - putting - it is easy. 
[0020] 

Drawing 3 and drawing 4 show the manufacturing method of the seal structure of the fuel cell 
of this invention. 

The coating method of the sealant 32 in this invention, The sealant 32 which maintains an 
initial sealant state without consisting of material chosen from the group who consists of gel, 
high viscosity material, and a binder between the component parts in which a fuel cell is 



http://ww4jpdl.inpi^ 10/16/2009 



> • 



JP,2004-055350,A [DETAILED DESCRIPTION] Page 9 of 1 5 

laminated and solidifying also under a fuel cell operating environment is arranged, It is a 
manufacturing method of the seal structure of the fuel cell which carries out the seal of 
between component parts (a separator, a separator or a separator, and an electrolyte 
membrane), The process to hardening (it is not solidification) of the gel of the sealant 32, high 
viscosity material, and a binder, It is a manufacturing method of the seal structure of a fuel cell 
which was made into the process other than the process of lamination (lamination to a module, 
any of the lamination to a stack or at least one lamination) of component parts of having stuck 
the sealant 32, and was placed before the process of lamination of component parts. 
[0021] 

The coating method of the sealant 32 may be dispenser spreading by the robot etc. which 
apply gel or high viscosity material (for example, binder) from a nozzle, as shown in (**) of 
drawing 3 , or it is possible also by a coating method with high productivity, such as screen- 
stencil. Even when a work has unevenness, screen-stencil of a up to [ a sheet (protector 
paper) ] can be performed by being easy. It is hardened by heat or ultraviolet rays after sealant 
spreading or attachment (gel or high viscosity material is hardened more, or viscosity is raised 
more), and, subsequently it modularizes by work lamination. 
[0022] 

Spreading of the sealant 32 can be replaced with spreading of the binder of the gel or the body 

which can be flowed of (**) of drawing 3 , and attachment (sheet-shaped polymer with adhesive 

power should stick) of a binder as shown in (**) of drawing 3 can also realize it. When it is 

considered as sheet-shaped polymer, there is the following advantage. 

b) It can supply, where hardening is already completed, and since a curing process (curing 

process by the heat or ultraviolet rays of (**) of drawing 3) becomes unnecessary, a process 

simplifies. 

**) Since what is necessary is just to stick a sealant on a work (a separator or an electrolyte 
membrane), the application process of the binder of (b) of drawing 3 becomes unnecessary, 
and a process simplifies. 

**) If it manufactures like drawing 4 in the state of the roll with which sheet-shaped polymer 
was fabricated by the protector paper 35, attachment to a work will become possible 
continuously and productivity will improve substantially. Drawing 4 shows the example which 
rolled round only the protector paper 35 with another roll 38, sticking what formed sheet- 
shaped polymer in the protector paper 35 from the roll 36 on the work which consists of the 
separator or electrolyte membrane from the roll 37, and leaving sheet-shaped polymer to a 
work. 

Which advantage to which the possibility of decomposition and Ribi Rudo and a seal width 
become narrow in the case of sheet-shaped polymer and in which the handling by a module 
unit is possible is the same as the case of the sealant 32 of gel or high viscosity material. 
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[0023] 

Below, the seal structure of the fuel cell of this invention and an operation of the manufacturing 
method, and an effect are explained. 

Since the sealant 32 does not solidify under a fuel cell operating environment with gel, high 

viscosity material, or a binder, there are the next operation and an effect. 

First, disassembly of the module after creation is easy and recycling and Ribi Rudo 

(reassembly) are easy and possible. 

[0024] 

Since the pressurizing process and a pressurizer like [ in the case of using the conventional 
adhesives ] are not needed, By putting into a furnace the component parts which applied the 
sealant 32 of gel or high viscosity material in large quantities, or exposing it to ultraviolet rays 
etc., and making it harden by gel or high viscosity material, as shown in (b) of drawing 3 , Or as 
shown in (**) of drawing 3 , by sticking a hardened adhesive sheet on component parts, what 
fabricated the sealant 32 can be prepared in large quantities on component parts, and 
productivity can be improved. Unlike the case of the conventional adhesives, by this invention, 
without putting a pressure, only by laminating component parts, since it can modularize, a 
modularization process is simplified substantially and it excels in productivity. 
[0025] 

Since the state where the sealant 32 continues being gel, high viscosity material, or a binder is 
maintained and conclusion load is not applied to the sealant 32, There is almost no crosswise 
spread of a sealant, the same width as the time of forming a sealant on component parts can 
be maintained, it is not necessary to secure change cost for change of the width of a binder 
when it pressurizes like adhesives, 32 sealants to prepare can be narrowed, and an electrode 
use area rate improves. 

Since a sealant does not overflow out of a work unlike the case where the conventional liquid 
glue is crushed, when it is the conventional adhesives, the required de-burring process 
becomes unnecessary. 

Since it is not necessary to apply conclusion load to the sealant 32, a sealing nature quality 
can be tested in a module stage and the stage before finishing setting up to a stack. 
[0026] 

When constructing a bridge in the state where the sealant 32 is not put on a work (for example, 
what constructed the bridge on the sheet is transferred), the influence of the hardening 
inhibitor of the resin material which exists in adhesion or a work material is lost to a work. 
When thermoplastic polymers (sheet shaped thermoplastic elastomer etc.) are used for the 
sealant 32, in addition to recycling of an electrode, recycling of sealant 32 the very thing is also 
attained. 

It becomes unnecessary to be able to be adapted an inter module (between a separator and a 
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separator), and in a module (between a separator and an electrolyte membrane and between 
a separator and a separator), and to use the seal (for example, a rubber casket and 
adhesives) of another material, and the part mark of a sealant can be reduced. 
[0027] 

In order to prevent the module gap at the time of a vehicle collision in the case of planar 
pressure seals, such as a rubber gasket, and to secure frictional force, impose excessive load 
or the parts etc. which restrain the whole in the stack exterior are needed, but. It becomes 
unnecessary for gel, high viscosity material, or the sealant 32 of a binder to provide an 
excessive restrain part article in the gap prevention at the time of a collision by using it for an 
inter module seal (it is a rubber gasket conventionally). 

When performing planar pressure seals, such as a rubber gasket and an O ring, the load 
which compresses a seal part other than planar pressure (planar pressure between a diffusion 
zone and a separator rib) required for the polar zone is needed, but. Since this load becomes 
unnecessary in the case of gel, high viscosity material or a binder, and the seal by a wedge 
effect, withstand load required for component parts can be designed low, the simplification and 
the thinning (the separator and the thinning of a resin frame) of parts become possible, and 
mitigation of product weight is attained. 
[0028] 

Since the constant ** part 34 was formed, load is not applied to sealant 32 the very thing but 
load is applied to the constant ** part 34, unlike the case where they are the conventional 
adhesives, there is no change of the MEA thickness by the creep of the sealant 32, and there 
are no worries about the battery capacity fall by planar pressure change of the polar zone. 
Since the constant ** part 34 is formed in the peripheral part of the separator 18 with convex at 
continuous state, rigidity goes up and the curvature at the time of shaping of the separator 18, 
etc. are controlled. 
[0029] 

Since the sealant 32 has adhesiveness on the surface at least and adhesive power can be 
used unlike seal structure only with an application-of-pressure seal, a work does not come 
apart but the handling by a module unit is possible. 

In the case of a sheet-shaped binder, productivity can be raised by having a pattern in a 
protector paper, sticking the sheet-shaped binder on it, and transferring it to a work. 
[0030] 

When the restrain part 33 consists of uneven shape which is uneven toward the sealant 32 
side, the time of internal pressure being applied - the sealant 32 - uneven shape - being hard 

the effect which becomes if it is crowded in a thing, a taper part, or a level difference part 
with an internal pressure seal (seal produced by forcing a sealant on a taper part or a level 
difference part with internal pressure), [ obtain and ] Sealing nature and reliability are superior 
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to the seal only by adhesive strength. 

Since wedge structure is taken to internal pressure, the slide by the difference of the creep of 
the material of the sealant 32 itself and the coefficient of thermal expansion of the sealant 32 
and the structural parts 18 and 1 1 is not produced. For this reason, it excels in seal reliability. 
Since it insulates in the constant ** part 34, and since the constant ** part 34 is in the periphery 
of a peripheral part of a cell and an insulation sheet etc. can be put easily, the separator 18 of 
the both sides of the electrolyte membrane 11 can be insulated electrically easily. 
[0031] 

In the manufacturing method of the seal structure of the fuel cell of this invention. Since the gel 
of the sealant 32 or the process of hardening (it is not solidification) to high viscosity material 
was made into the process other than the process of lamination of component parts and was 
placed before the process of lamination of component parts as shown in (**) of drawing 3 , 
What applied the sealant 32 to the work can be put into a furnace (hardening device) etc. in 
large quantities, or ultraviolet rays etc. can be exposed to them and stiffened, and productivity 
can be raised. In the case of a binder, since what stuck the hardened adhesive sheet (it is not 
solidification) on the work is producible in large quantities as shown in (**) of drawing 3 , 
productivity can be raised. When sheet-shaped polymer is supplied with a roll and it is made to 
stick on a work as shown in drawing 4 , a mass production also becomes possible and 
productivity's improves substantially. 
[0032] 

[Effect of the Invention] 

According to the manufacturing method of the seal structure of the fuel cell of claims 1-8, and 
the seal structure of the fuel cell of claims 9 and 10. In order to maintain an early material 
state, without a sealant's consisting of material chosen from gel, high viscosity material, and a 
binder, and solidifying also under a fuel cell operating environment, Since component parts are 
only combined with the adhesive power of a sealant unlike adhesion by adhesives, Component 
parts can be separated by a sealant part, and the sealant itself can be separated from 
component parts, modular disassembly and decomposition of a stack are possible, and Ribi 
Rudo (reassembly) of a fuel cell and recycling are possible. 

Since the pressurizing process and a pressurizer like [ in the case of using the conventional 
adhesives ] are not needed, (b) By putting the component parts which applied the sealant of 
gel or high viscosity material into a furnace in large quantities, or exposing it to ultraviolet rays 
etc., and making it harden by gel or high viscosity material, Or by sticking the adhesive sheet 
(**) hardened on component parts, what fabricated the sealant can be prepared in large 
quantities on component parts, and productivity can be improved. Unlike the case of the 
conventional adhesives, by this invention, without putting a pressure, only by laminating 
component parts, since it can modularize, a modularization process is simplified substantially 
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and it excels in productivity. 

Since the state is maintained for a sealant with gel, high viscosity material, or a binder and 
conclusion load is not applied to a sealant, The almost same sealant width as the time of 
applying a sealant on component parts is maintainable, when the former pressurizes, it is not 
necessary to secure the change cost of width like the adhesives with which width spreads, and 
sealant width to prepare can be narrowed, and an electrode use area rate improves. 
Since a sealant does not overflow out of a work unlike the case where the conventional liquid 
glue is crushed, a de-burring process becomes unnecessary. 

Since it is not necessary to apply conclusion load to a sealant, it is a module stage, therefore 
before finishing setting up to a stack, a sealing nature quality can be tested. 
Since according to the seal structure of the fuel cell of claim 2 load is not applied to the sealant 
itself since the constant ** part was provided, but load is applied to a constant ** part, unlike 
the case where they are the conventional adhesives, there is no change of the MEA thickness 
by the creep of a sealant, and there are no worries about the battery capacity fall by planar 
pressure change of the polar zone. 

Since a sealant has adhesiveness on the surface at least according to the seal structure of the 
fuel cell of claim 3 and adhesive power can be used for a seal unlike application-of-pressure 
seal structures, such as an O ring, sealing nature improves. At the time of setting up to a 
module and a stack, a work does not come apart, but the handling by a module unit is possible 
and facilitating of the fuel cell setting up can be carried out. 

the time of internal pressure being applied since a restrain part has the uneven shape which is 
uneven toward said sealant side according to the seal structure of the fuel cell of claim 4 — a 
sealant — uneven shape - being hard — crowded wedge hardening is obtained and sealing 
nature and reliability are superior to the seal only by adhesive strength. 
Since wedge structure is taken to internal pressure, the sealing nature fall depended without 
the slide by the difference of the creep of the material of a sealant itself and the coefficient of 
thermal expansion of a sealant and a structural part is not produced. For this reason, it excels 
in seal reliability. 

Since it insulates in a constant ** part according to the seal structure of the fuel cell of claim 7, 
and since the constant ** part is in the periphery of a peripheral part of a cell and an insulation 
sheet etc. can be put easily, the separator of electrolyte membrane both sides can be insulated 
electrically easily. Since according to the manufacturing method of the seal structure of the fuel 
cell of claim 9 the gel of a sealant or the process of hardening (it is not solidification) to high 
viscosity material was made into the process other than the process of lamination of 
component parts and was placed before the process of lamination of component parts, What 
applied the sealant to the work can be put into a furnace (hardening device) etc. in large 
quantities, or ultraviolet rays etc. can be exposed to them and stiffened, and productivity can 
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be raised. In the case of a binder, since what stuck the hardened adhesive sheet (it is not 
solidification) on the work is producible in large quantities, productivity can be raised. 
[Brief Description of the Drawings] 

[Drawing 1] They are some expanded sectional views (the A-A line of drawing 5 was met) of 
the seal structure of the fuel cell of this invention. 

[Drawing 2] lt is a sectional view showing the various examples a, b, and c of the shape of the 
restrain part of the seal structure of the fuel cell of this invention, d, and e. 
[Drawing 3] (b) It is a perspective view showing the application process of the gel of the seal 
structure of the fuel cell of this invention, and the sealant of high viscosity material, and (**) is a 
perspective view showing the application process of the sealant of a binder of the seal 
structure of the fuel cell of this invention. 

[Drawing 4] lt is a perspective view showing the attachment process to the work at the time of 

supplying a binder sealant by sheet-shaped polymer. 

[Drawing 5] lt is a front view of an example of the cell face of a fuel cell. 

[Drawing 6] lt is a sectional view (the B-B line of drawing 5 was met) of an example of the seal 

structure of the fuel cell of this invention. 

[Drawing 7] It is a sectional view (the C-C line of drawing 5 was met) of an example of the seal 
structure of the fuel cell of this invention. 

[Drawing 8] lt is a side view of an example of the stack of a fuel cell. 
[Description of Notations] 

10 (Solid polymer electrolyte type) Fuel cell 

1 1 Electrolyte membrane 

12 and 15 Catalyst bed 

13 and 16 Diffusion zone 

14 Electrode (an anode, a fuel electrode) 

17 Electrode (a cathode, an air pole) 

1 8 Separator 

19 Cell 

20 Terminal 

21 Insulator 

22 End plate 

23 Stack 

24 fastening member (tension plate) 

25 Bolt 

26 Refrigerant passage (circulating-water-flow way) 

27 Fuel gas flow route 

28 Oxidizing gas passage 
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29 Refrigerant manifold 

30 Fuel gas manifold 

31 Oxidation gas manifold 

32 Sealant 

33 Restrain part 
33a Taper 

34 A constant ** part 

35 Protector paper 
36, 37, and 38 Roll 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




33 33cy32 
^-33 

a-D 

18 




a -2) 




b-1) 




b-2) 

33 33a ,32 -32 





33 f 



d-1) 

33 /32 



^ 33 33 
e " 1 > e-2) 



htir»://www4.iodl.int>it.eo.iD/cei-bin/tran web cgi eije?atw_u==http%3A%2F%2Fwww4.i... 10/16/2009 



JP,2004-055350,A [DRAWINGS] 



Page 2 of 4 



[Drawing 3] 

32 




18(11) 



2 

18(11] 

32 25= 




z; 




..^^uajr \ 

3^ 




^18(11 ) 



[Drawing 4] 



•36 ^5 





37 ^tf-^BAO^tt 
l -fe/T^-^t>L<{imffi<75a— ;u18 ( 11 ) 



32 32 
18(11) 



[Drawing 5] 




httn://www4.iDdl.inDit.eo.iD/cgi-bin/tran web cgi ejje?atw_u=http%3A%2F%2Fwww4.i... 10/16/2009 



* 



JP,2004-055350,A [DRAWINGS] Page 3 of 4 

[Drawing 6] 



— is. 




23 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web^^ 10/16/2009 



♦ 



JP,2004-055350,A [DRAWINGS] Page 4 of 4 



[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 10/16/2009 



JP 2004-55350 A 2004. 2. 19 



(19)B*SWf«f(JP) (12) & H3 4$ I^F & S*(A) (ll)ffKUJB&H*4 

43H2004-55350 
(P2004-55350A) 

(43) £HB 19B (2004. 2. 19) 







P 1 

r i 






— K 




UA1 U 
Ply 1 M 


Q/AO 


ha 1 y 


8/02 


S 5H026 




UA1 M 

n \j i ivi 


O/ IU 


u n i \a 
nu i M 


8/10 














mmm& mm* m&m&m 10 ol 


(± 13 M) 


(21) UHHH» 




WH2002-211556 (P2002-211556) 


(71) &MA 


000003207 






(22)ffilBB 




¥8114*7% 19B (2002.7.19) 






























(74) fclA 


100083091 














#H± DM fi* 












(72) mnm 


















m 
























(72) ?§0^# 


J0I5 ^PW 
















its 
























F*-A(#%) 5H026 AA06 CX07 







(54) mw<D^m mmmm<Diy-jummt^<omm^m 



(57) [KM] 

3 3£. Sr^tri^WJfe^^^Wifc (n) 

3 2 Mp°pOiI(Z)Iii:l^iJ(DI 

im&m] m 1 



33 33a 32 18 




(2) 



JP 2004-55350 A 2004. 2. 19 



[ ¥r if n * <d m m ] 

1 n * ii i ] 

m *4 m m <d m m $ n 5 * as n n n m & > — ^ -t z> isife^^-zuaiitfeo 

y , m tt tt W , » #J d^IR^n fc tt* «■ a> e> ft 0 , jB^liffifflaiTt'tSiffl 0 w 

» « «: «: fiftS, > - /i* W £ . 

- /u «■ * m \z ft m l fc 2 o ^ f p co /> ft<tfc-*ic^fiR$n^. tu ie > - ^ w 

«r*tf«S»»ft*>v' — A-Wifi. 

[ m * 11 2 ] 

Bu 15 2/ « £G p w p 9 Jl ^ r&J W ffl'J ffi S i" 5 -fe U — * CO ^ ft < t fc — ^ K s " 10 

* fc li JjiJ K b *l , 8u IE > - » W ffi CD ir v - 9 R| Pi Sr — £ (d It t^t^i^^ 

, m 1- h m * ii i is m <n m n m m <n is - /u « it 0 

[ st * II 3 ] 

ifr IE > — fls *f f4 '> ft < 4: fc ^ ffi I- ft m tt £r *T "t" -5 fit * JS l IS © CD M$ W ffl t& co is — /u « ifi 0 
[ K * *f 4 ] ■ 

ffi IE «J * SW4 Bfr 12 > — ;U U f- ft rt> o T t£b 4 fc (4 M i ft-6Dfla?KttS:*"*-«ffl»*« 1 IE «t <£> 
[ If * II 5 ] 

>- — # * ffl ^ J| L fc 2 o 60 * f& n p p p J4 ir /< u - * i t t*fc5!t*9 1 IB 46 co 

->-/HBiio 20 
[ HI * * 6 ] 

> W ^ il b'fc 2 o (a « j£ g|5 B n n 14 ir w - * fe «DUiar-fc l f fi «c ^) «S 

^ m v- — m it o 
[ it Jk m 7 ] 

2 o <D m §(5 P p p & m m k hi & t% ^ at »• 1- 6 -fe /< u — ? t -t ^ o u — ^ -e fc 9 , fiu is ^ -+ $[5 

[ f * * 3S 8 ] 

Bu ie «s «■ m m f4 {& » m <d m n m m x* fc a is * 11 1 - » * * 7iE*fc<^«sw«?fi^'>- & » 3g 



ms » m « «5 a ji 3 *t 5 ts ^Sc as p p p ra y /u , n « » & , * a» & s « * n fc «■ ^ & ft 
n , «b w « % ffi m it r -c fc «3 m <o u n m % m n t5, v-^H-srEtit, ie « 

35 p°p PpT *: > - -f- 6 MS ** ffl co •> - ^ « 5g <^ M at * ffi X fc o T , 

fit IE — W co y 4 fc f4 ffl tt.tt * fc (4 *fe # <D m it 4 T* <T> X S Sr % is — ;v & I£ ft" 
fc f« a$ p"p O ffl g GO X g t (4 BU CO X @ i: L . S p p p <D m M <0 X U <t 9 fiu *C ■ V v fc , MS W 

[ If * 3S 1 0 ] 

HuEMS»«»tt{£»SoM&»ttte^fc*M#*9!E 



[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

Httil5#^H#WHMS»«Jfctt, i-tar yty^!) (MEA : Memb r a n e - E 
1 ec trode As sembl y ) t-fe^'U-^ir^Slff^biSo HI — H @ T 

y -t >- ^ u f4 , -rai-^ssjftiK^feftsmwHRfc d<z>mft?ffssico — ®tcga«$nfc«**iEJi 

^ e> ft 5 ffl ® ( r y - K , MS ¥4 @ ) i3iO { «)lfIIR(OttBicEI*hfcMiKa^e)4St 

m ( * y — K , ^IS) H^b&^o K-tS7yty^!l t t / * u - ^ t <^ F«T ^ *4 , T 50 



[ If * 3g 9 ] 



30 




40 



(3) 



JP 2004-55350 A 2004. 2. 1 9 



(ii 
u — 

£• 
u — 

^ M 

h 

* i? 
** 

< 5 

r y 

# y 

*: k 
/< u 

ft > 

a* 

1 ) 

2 ) 

3 ) 
JE > 

[ 0 
I* 

L i>> 

1 ) 



K 
( 



rfi 



T 

<< 
( 

[pi 

) 



fflj , # y - K fffl Id ft -t* ft fee a w> fix 

> ft SJ 7k ) Sr«tEi-fc*<oftjKSIttefc» 
SrfitaTir/i^SrlS^ '> ft < i fc 1 

1 1 tt/biiff ^ t, ir m m CO 
■fe ^ a m -jj ipi ^-ffi v s ^ w at. t 

to % T y — K ffl T* fi . zk Ig £r tK «*>f * 

> m # « m * # y - k ftij ^ ib 

tt "9 (OMEAWTy - K T* 4 ^ L fc 1 
— <£> i? ^ <£> T y — KT4^Ltf f 



ft e> ft 5 o ir/^u 

a* j£ $ n , # y 

/* £ ftT^ 5 0 HI 
ft: * i? ;v m M Jj ft 

x. ti . 7 y y a V" 



L 

-7- 



( -7 d h v ) t 

^ t 1/ - ^ ^ 

^ ffi (el SS £r ii L 



- K 



fi K 
ii L 



^ (1 , 
gg ft 

T ^ 
£r tS 

* ~ * 
i6 ftt tt 
- h ) 

* t * 
T < £ 

iffi C7) i? 



7 y - K c 



( 

u - ^ ft jtK 

StL, ^ — 
-7" N >T > is 
, ir /u Qf g (*: 
, ^ h • i~ y 

K a s ff k> ft , 

, * 7t /u a 

jv y — K 



H 



+ 



+ 



-> 2 H 
2 H " + 2 e 
¥ 8 - 4 5 5 



+ 2 e 

+ (1/2 

i 7 ^ <2> $g m 



4 



0 
L 



ft) 



o 

(7) "C 

•9 » 



K « 

9 ^ * u — ^ t ® m 1 m ib. 

m B6 it -T 5 <^ ^ , is - s 

— , ii ^ , o fsj ft co — 

u - * T- « «p K fll HE ft « * . > - 

a h , o y > i/ jfc ir m m t ± '< 

0 3 ] 

^ m * L ± 5 it5«I] 

, * <d «s w m > - ^ « ig \z ii N 
v? ^ - /u ft -r ^ > v — 9 & m m u 

(O « ^ , fflf * Sr . SJ^ff to 

t m c it m k 

A^fiTt5 k — tt «r flfc « -C * ft 



) 

(i 
ft 



O 2 -> H 2 O 

. m n # * . mittf * . * 

fll ig 4 fc tt * ft Sr i: 5 o 
* i/ — /u ) 0 

t5 ( *P JE V - 

- * m * iA 



ft -tr co , ir 
7t fi ft £P tK <o m 



o 

tr ( > — /u tt R ft \zl i 5 



-t ft ft o € (o m m & 3 



<D 5x «p m U < . •) t^f^/K y /u K ( H 



AD 



< 



JE L fc US "C <z? 
L fc *c fig -e S # 

& & m k ft v * 

» , W *4 * ft 
ft 9 . fiiCb 



An ^ 



7C o 



• *n je x s ^ ^ s i- ft 

K ft ^ it Z> >& S >6 S 5 
£ ft § o I t ^ o T , 

* , * * * * ) 



10 



20 



30 



* #J "C 1 fc 5 ft * M M k 111 <D $15 ffi .(O ^ « IW1 — k -t Z> r. <t t^^ S 16 T* fc 3 ^ , 

fp©I««ftl:±9»SSf^©SIJft*«tt5:i-e, ft » S fei ^8 ft L N « » tt fig 
*S * ft ^ J: 9 M m & ± C 6 o 

b , SJ&tttg^^fti-^o 

• 13 7s is — jv ft 56 i" 5 fc d6 N — ^ co — /u ipg 5r ?t f 5 ^ ^ & &> V , ^> — H 
JE < ft 5 o 

2 ) Jos s/-/ut, 3 ) u — /i- «■ »e id J: -5 An ee v- — /u <d m m 

-t ft ^* ft <0 35 p°p j&S — jfc t ft o T *5 e> -f , a b »i b i- ft o T L 4 9 fc a6 . ItBtl^^V^ 

t^^a-yu^eto^y k y y ^ ^ i 1 t fc 5 o 



40 



50 



(4) 



JP 2004-55350 A 2004. 2. 19 



> - jv t4 as flk « ft < ft 5 o 

* * y * ^ *& * ± if fcit't^, y - * . 14 t£ <7) ^ ffi a> -e # ft ^ fc » % ^ a p" P co 5s m 

K it , * ^ > ? £ ft: £ 5> ft? -T 5 i& S a^ fc V . S j£ £ Sc ft & $ ft 1+ Jx tf ft h ~T , flF * 8b * # 
T -t r 5c & L T , {til tz fc V - 9 © F/r as 6 a> fc L *x T , t <D Wi & it , nm<D * 9 y 9 

±fa<o&M.s wm ti as &m ic ft 5 0 

^Tco-tryuSrfSS lt^ & L * * ;y ^ ?ft fi tt 4- as # ft ^ fc , IN J| (c ^ H *x 

cd n p°p cd ffi a T in £ m ± L -f ^ . 

[ 0 0 0 4 ] 

* 58 flj? cd l i& (i N Ifil*© y f Ktt, y If >f * /u 14 ft b U< 3e £ 14 £ |p] ± $ -it £ ^ fc io 
as -e t 5 «S *4 « % - ft it *s ± u< -t cd M Sg * j£ £ ffi tfc f 3 r. fc K & 5 . 

* 36 W <£> B'J cd g (ft , ± E IK IB <o v > -f 5 ft a> '> ft < fc fc — o £ # at ~t 5 m *f ■ ffi f — ^ « ifi 

[ 0 0 0 5 ] 

±12 1 W*Ifi!ct5*?IWliof coffl 15 "C fc 5 „ 

( >r ) ^ ** s «i a m s n 5 « d o p * - /u -r 5 m n m * ^ -> - ^ t# ^ fc o r , 
y/^. » * ?pj ^ & ai k $ ttfc ft Y> , mnmmmmnmT ^ h&n<vtt 

i/ Pfl ic ^ 1 Lt 2o(D*)iasfp©'>/j;< i t - * lc Jg^ S Hfc , Bu I £ f — ^ W 20 

& & t* m n m m <o > - ^ w ig 0 

m&mmmT x~ t>®m<vttm&n&mni- z> > - ^ w * e a l t . m is « g{5 p d p ppt^ v - 

v- -/ufl-coyyuttt fc i« tt W tfclitt**J©«ftSTWlS*, > — /i- +^ Sr flfi fi" 

[ 0 0 0 6 ] 30 

"C \t , ~ /u » # , y yi- , ffi 14 » , ttl»]i»61RSft fc W JPI- ^ ft <9 % « fi£ SB p°p cd a 
m X S CD Su , ( 3 #: 7c W Jit ^ tig ■) l«Tltio^ S * ^ J: 

5 * i A ft 9 ffi & & m ± It is — si* <D ft; m t> \z £ o T IS ^ L T ^ 5 fc tf T? fc 6 ^ & % 
v/ - W SB ffi -C « J* SB p R p |r] dt ?r 5* Bt i" S r fc ^ r* # , *p o > - /u «■ g fls fc #| j$ & ^ ^ 

K i" 5 r fc tfi # , ^^^~/wcD^>^^j:^^^^^c7)^^^-pTggx*. i"fftft©9 ^/i. 

K(sasc),y*>f^/U3iSprtB-cfcs. 

* fc , v/ - /u w a- y/u*fci±iettttw*fciitt*ffli-e-t^ttiii as 1 ft j ti , v- - /u u \c m 

*s w s as a^a^ ?> ft v> cd , « sb p °p -h >- — « t m. ft l fc b# fc (£ fc a, if m c v- — ^ ** *s 

as $i ft * n , 5S cd *p a: a if l fc 1- h as a^ 5 « £'J cd ± 3 ^«<^aE{bft*r*«i-s^ 40 

6 as ft < % ffl * -r 5 is — w *s 4- k < 5 r fc as -e s . nmmmffiffim&fa±irz> 0 
±m ( p ) cd jgs jn- s m cd ^ - ^ m m <o m j& ft -c « , ^-/^tto^yyu^sfcttMttttw* 

"ecD^^L (HfkTMlftVN) (Dlglr, fltAfeSB n p p cDUil CD xg fc ft SU CD fc U , m ^ a 

cd a if cd x s i 9 su a ^ fc ^> -e , > - /i- w * !7 - ^ m ft l fc fc cd *• * * *p ( « ft as 

a ) ft tMc A ti Z> w fc as -c # , fcb<«5g^i»ftfc'S:^TTB!{k$-frSrfcasT*#, * H 
14 IrI ± $ it § ^ fc as T # 5 o Sfc. tt«P»]^*^tL SKb^r^ ( SI ^ "C ft ^ ) <D *fi * 
~ h 17 — 9 \c gfi ft ^ fc cd Sr ± fi ^ S T* t 5 cD T , * E 14 & ffij X $ -fr 5 r fc as "C 

[ 0 0 0 7 ] 

imm <d mm (d mm] 50 
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si t , * 3% m mn mm & m 1 ~ m 8 sr#fiHUTi»9ii-a 0 

0-CA5. ^i^lll Of*. fctitf»ft«*Si» »tSft5. fc fc L , g lb * « 

[0 0 0 8] 

ifriS^^tllfKII^ai i oii, (His H 6 - a 8 i:*t«t 5 ^ t > 

7' y (MEA:Membrane— Electrode Assembly ) i: ir U 

l it, r « ft « II o - S IB « £ n fc M ME JB l 2^^4511 (r;-K, MS « ) 

i 4 io j; u^iif 1 1 i<offeiEKiatt£ftfc«ttJii 5 e> s » « ( * y — k , ?s ^ io 

) i 7 H^fts, i-ttt7yty^y it/^i/-^ i 8 t©ni:ii, 7 y - Kfl, # 

y - k fiij ^ -t tt 4t » s i 3 , i 6 tfi » e> n s 0 

[ 0 0 0 9 ] 

t - ^ 1 8 (i , 7/-K1 4l:jft#^ ( * * ) SrW*&-t-*fc*.coJjtSW^^aE(g2 
7 ^ M£ j$ $ tt , * y — K l 7 R ft # * ( & * x ii fit tt £ m ) S:«j(&-t-5fc«)<oiftft^f^ 
#f£ S§ 2 8^^Jf^^5c^^i/XV N ^) 0 £ fc , ir * fc tt «HJSE /ft*P7fO Sr SSE -r «> » 

a SE S& 2 6 fefjS^tlTV^c 

1 8C(j:, ffiIv^*~;uK2 9, jjRfi^^-rn*- K 3 0 N It fbl * — 
^ - ^ K 3 1 ^$^t^6o K 2 9 tt ME «t tt 2 6fcigiiLT*50* 

ift^x-rr:^-;!/ K 3 0 tt m n # * %L m 2 7 fc ig il L T 43 «9 , SjW^ 7 ^ F 3 20 

I teSMfc-tf ^ 2 8 dill ttv^o 

t/^-^ l 8fi, # — * fc tt & m s * fc tt & A 4: tt HB , *fcttW«ttSr{***ti 

tils o <pj n * fc ii co ta * -a* -tt . a> h ft z> 0 

[0010] 

II 8 t:^t i ; i-iSTj/tyyy ^t/^i/-M 8^ifett;n 9 * #t L , 

4> ft < t t) lO^t/V^^^a-Z^ilJcL, ^ V> a - ^ flf b T t /I/ ff 1 f$ ^ L N 

ir/u«Jfft:(OirvU;»Ji;frftffiSffifc, ^ — ^^/W20, ^>v-^.U— ^2 1, ^VK^U — 
h 2 2 ?:EIl, -fe^8f*ffSr-fe/ua[Jl*[plf-*S»ft»t, ir ^ JB {$ to ^ ffifl ir a JB * 

ft fc 3^ t>* £ £B ( fc i: X tt , x ^ > a > ^ U - h 2 4 ) , /K h • -T y V 2 5 fc X IS . 

£LT, 2 3SrijJt5, '30 

[001 1 ] 

HI 5 ~ HI 7 fc * -T ± 5 fc , lf4til 0 co fife SB d r p ( '> ft < t fc ir U — ^ 1 8 *3 

ft? K ir i i 4: ^ tf « ?p p d p ) in k fi v' — /u w 3 2 a* e « s n -c a 0 «>-;^3 2srac 

^ il L fc 2 o (O ffi fig p°p fi % t /^U - ^ 1 8 ^ t L ^ 1 8f fcS^, fc L < '< U 

— ? i 8 t mmnrn i 1 -e *> a 0 

15 1^ ir /u ffi ^ [p] .co ^> — 3 2 co ga H S: , 16, [2! 7 ir ffl fS \*\ is — ^ tt 3 

2(0iae^^LTv^5 o 

v' — ■ *t 3 2 tt , # St flc Sc ft 2 6 * 2 7, 2 8 « K 2 9 , 3 0 N 3 1^ 

o b fc ^ o T . i/ — /utt3 2^J)Kil:±ot, # 8S fls tt S ft ^> 9L # 4: iR C 5 fc ft 40 

^fc N fcjlix 5 r 4r fc ft 

•>-^tf 3 2 tt , ir u — ^ 1 8 ir ir s< u — ^ l 8 t (O PpT n 4 fc tt ir ✓< u — ^ l 8 t MM 

RRl 1 Id la S £ H T , ir/<u — ^ 1 8 t/^l/ - ^18£<OP4J, * fc tt ir u 

— ? l 8 tt»RBl l i: co ffl , ?r i/ - /u f 5 „ 

[0012] 

- tt 3 2 tt . a * tt « # m * fc tt o y > ^ « ( m m m h o y > ^ fc «s » « ^ ^ « 9R 
t r* fc a #: ^ ft o t v ^ a ) a»e>#*fi!c$jxTt*fcas, * % t- tt , ->-^tf3 2 tt , y ^ , 
is w , tt * ^ij ^ & ft a ^ /u-^^e>»RSixfctt»^feft9, «s«.«?fettfflai*T -e 

fc*OSBO*j-3|B|.ttlli4r««pi-i ( ft Jft , @ftt^:i/i<, n. - * fc tt ^ ^ y ^ — <n 

m St 0# *j 5 > - /i- W CO m t {5 i: A. if |H C SI £ £t f$ L gEtt £ ) fc <0 a> ft 5 0 b fc 50 
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*s o X , > — JV tt 3 2 14 , S f 1^ «t S S f i: S ft 9 , #1 fig SB p p p BI ± f4 — ^ U 3 2 CO «i 
f A{:J:ot«^Lt^5fflt'e*S^6, >- - yu SB ffi T* tft /£ SB & W ± ft 8K i" 5 - t 

a* -e t , a- o > - tt 3 2 g ft t tn sb n n n h ft m -r 5 r t & -e # , * ^ ^ - /^<d ft m *s 

i V * * * * # «p # *T IB T* , *4 « * ^ y tr yu K ( W*& 3l ) , V <<{ ? & & *f Ife -e 1b & 

a 

S fc , v^-^ff 3 2 ^ftlCiM If: 2 o(7)i)SSp p n (t^U-^ ^tAl/-^, 4 fc 14 ir 

u - * £ « ft? a R ) ©'>ft<it-* 2 o to m A SB & <o >P ft < t h - * ^ 

U — ^ <£> m & Id , ^ (D ± y< U — 9 ) KC 14 , *> — yM#3 2<Oiffil&£tojfCi-5l^:5£Sl53 3 < 

- /u u 3 2^«^ajf p (-jtL-xffi*i-M^»ibbfc9, e sb a> e> # jr tf $ ft 5 n 1 1>> 

ft ^ O 

[0013] 

is — /i-tt 3 2 (D ffi f& SB p° P fl if fa p} fflij fd ir ^ 1/ — ^ 1 8^ef f §f v- — yU W 3 2 CO 

, m SB p" JI fa ft'J (d ffi @ -J" 5 u — ^ i 8 <D '> ft < £ fc — * (7) ir u — 9 1 8 I: 

(4 , > — « SB ffi <D ir ✓< u — * K PS £r — 7£ Id ^ fi? t5£1*S3 4^, t/^-^ l 8(1- 
* BU ft id R & ft T 4 „ L f; ^ o t , ir @ S ft Id ^ * ^ ^ ^ ffi ti* fi* o T 

fc . -?:^^fS»4^^5/^«SSS^ffif4^TMa53 4 T*§:*t?>ft, * ©ffilli^-^tt 3 2i:i 
otSintlf , ^ ^ ^ ^ ffl fa '& > — W 3 2^^^o / ^ggjg^sidioTff^^^{t: 
"T 5 r. f4 ft ^ o ^ /c , is — jv it 0# tc t> . t/Nl/-^(7)l^MEA^i^, $ b td ir 20 
/^U — ^S:«-a:Sfc # Jt-e ; E-^3.-yuS:fpri£-e#, ^ 5fe <£> <t 5 (d N * ^ij ff L o * * 
lc ir u — 9 Z W L ft ^ ^ 91 (4 ft v> 0 
[0014] 

^ SB 3 4 t4 , ir^^u— ^i860^^S(SJl#^IS*te>ftTV^6 o ^ \h SIj 3 4 J; o t Pslli 
tJtftShfc-fe^ l 8 l±, l^J 3fe SP 3 3 I: fc^ t t N 2 o co tH SP p^p ( ir s< u — ^ t 

ir s< u - 9 , * fc (4 ir u - ^ t m ffi K Hi ) HQ f4 ir « Ji PA ffif tf 5 fc 9 * -t ^ PnT Pi 

(iv'-^ff 3 2^#S U, 2 o <70 fit ^Jt SB p p p P^l S: > — L T V > -5 0 
^ ■+ SB 3 4 td ± 9 > — 3 2 ©ff toil* 4^: t |:J: 9 , — yu » 3 2 tt 4>1 * fa *d 
IS i: /v H it ^ 5 - £ as ft 0 ^ <Dtz $> , If i^I'&OJ; 9 CHi;^ ^) tt^ilttibX ^1 
J& s ft ^ ^ o 30 

- » 3 2 14 '> ft < £ t> « ffi *6 * «= & * i" ^> o - CO m & . > — As 3 2 g ft ^ ^ » 14 
SrtofcttfiTfcottiia, a # 14 «i « t tz ft >> - yu «■ 3 2 co X ffi Id 3fe * 14 * 
K*S* If: t co t> i: v^ 0 

[0015] 

Hi, 12, 06. El 7 Id ^ f J: o id N ^ Jg: SB 3 3 (4 , v- — yu «■ 3 2 Id ft o T & * fc. 14 
BOiiSIHliaittSrttS, m 2 <D a ) — d ) "C 14 , #6j * SB 3 3 14 , 1 ^ W ± <D . ^S^^ 

*fcf4#iitttt ^fdi4,g^) co, ^tuy^ (fifty ^tuf A/t-t ivo ^ita 

o *H!)^©*SU, ^ ffl y ^ co ^ fcfci 3fe «■ t » fa « fig SB p R n t <D m ^> - ;H*3 2 Sr^ftt 

J6J * SIS 3 3 SrlfflflittttS w tli J; U , ^-^ff 3 2 d5 W ^ SB 3 3 Id * ^ i/V ^ , 40 

ffi m X , - yutt *s «t D - Ji ± $ < ft Z> o 

Kl * SB 3 3 14 , ± IS CO fi ffi ft Id ft X T , '>-;v»3 2 i ©»*ffi S: ^ 5 X-r if L 

[0016] 

m 2 14 , l«lS[SP3 3 3&s|lflfi»ftSrW*-4»^^. I^^ft*3S3 3 (ODHCift <^»fBf 

a ) i4 , j*j*SB3 3ds^uy^A»6ft9. Pi w <b ^ ft i± & frfrz m -s- <d m ffl y ^ ^ *s 

3 a^fc§|A^^ L< a - 1 ) (4 M fa i" 6 2 o CO flf f& SB p p p (@2 0W 
14 2 ocofHiSSBpa^ir/^ 1/ — ^ t. ir^^ 1/ — <^ co^-^^Tr;^^, ir u — 9 t ® « 8g T S> 50 



• 
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o x fc «t ^ ) <o m *r \z 35 ta y :/ 3> fiK * n t ^ 5 m & & . a - 2 ) & *j ft -t z> 2 o ^ it ^ 

£Kp p p CO Jt * to 7+ \z m. tfcl D y J5Sc $ tb T t> 6 j§ ^ £r , -t *t ti , *Lt^5, 

b ) ji , i*i*ffi3 3*sggttjy^ r 35^e>ft!5, «i ^ se * ee a* a> a> 5 w & <o m m y y <o ti 

$\ n as x - a* # ^ » «: * u , b - 1 ) *t ft 2 o <d m ^ & v> n * \z ^ w y ^ 
ds^ricsnri^sii^sr, b - 2 ) (i *t n&i -r 5 2 o to « fig n& <o n >y <o & k % m y -? a* m 

[001 7 ] 

c ) tt , jfej * 3 3 & m m y ^ a* e> ft b , ^fflfl^fe*ft:jE3&s^^5»^©^iiiy^ p ^«*' 

lRj>1riH(rtflE36S^^S«l©iB») C0^^f-^3 3 a 7)Sfe5I^5:7jvL, c - 1 ) f i *t ft 
ti 2o©«a»fi©H*i:*Uy ^^Jga$ftt^5i^Sr, c - 2 ) 2o 10 

<75 « $l ffi p n n to jt <o * ^ ^ ttj y :/ a* ^^nti^i^^, $u^5. 

d ) , w*SB3 3a*gsay:/j&»&/ji0, it wj a> e> at * ee a* a> a> £ *§ ^ <o ^ w y ^ co # 

ft Jt ( rt JE fcfrfrZ m <o ASS SB ) ^ — a> ft v ^ 8§ £r L , d - 1 ) f* *t ft -T 5 2 o co 

fMSp R p^M* t^ff, y 7'^iis$tiTt^i^^, d - 2 ) a » ft i- 5 2 o co « gi5 p°p 

[0018] 

HI 2 <D e ) fi x 3 3 I $k£X ±<Dm%V>fr b ft 9 , DflSBSrix — /U«-3 2^ffl*T*3l9 

N v- — /U W 3 2 H |6] fS] M t> SE ffi *S ^ A» -5 * ^ ^ ^ b , e - 1 ) fi M ft -t" 2 o (O 

« «|S p p p CO W * ^ 00 £M S ff^ J* S tl X V^ 5 # & & N e - 2 ) *t ft f S 2 o (7) « ^Sc p n p CO ft 

^ co [z. w ^ ^ J* $ n r ^ 5 » ^ . ^ett^tt, ^tn^, ^ — tv u 3 2 « pa SB ^ & 20 

[0019] 

^Ot/Nlz-^Pf^MEA^ft^L? 1 :!^, ^ ■+ gf5 3 4 TMii?/"? U-^ 1 8 m ± 11 , ft 

ft? K fli l i £ 3£ [c m IS fi r S ta ± o [c i~ Z> 1t ^> (c , W f-te8 S tit 5 0 r ft 

ir /uco ^ m m fo 6 c?) T- , 16 m U <D fife ^ i£ ^ fi ^ T* fc 5 o 

[ 0 0 2 0 ] 

El 3 , @ 4 li, *»S©«ttt»W^^/Uia©KJS*ifet*Lt^5o 30 
* m m \Z *3 5 , > - /u U 3 2 cDit*S(j:, l»l*coti ^tt5fl^ap p p^^, ^ 

, s *s ft tt . tt » m h tt z> ? >\» — •? t>* h m m $ ti it » n ^ & ft 9 . iii»ffi^itT 

T'tSftli^t?]M'>-/uttti^U?t5, > - W 3 2 gfi S L X , ffi fiE ffl p p p ( * 
A u - ^ t u - ^ , ifclit/^-^tlfl) m — ^ -t" 5 «S W « m co is — 
m&e>mi£jj&kX2boX, ^-;uM3 2co^;K J5 tt W . tt * #J <D « {k ( H it Xte ft 

^ - co m m co fpj ti fr'p ft < t t) - c7) a n ) oiaitt»i©igH, « u p p p co a @ <n 

[ 0 0 2 1 ] 

^-;H}3 20fc**fttt, El 3 co ( ) li*i-J:5*-y^*fcttii!ittttW ( fc t ^ fi . 40 

fizwthfcfozm&xh* > — h ( is « ) ±^<a*^y— ^ai*J > — 

^Wft*tU<tttt9o»t*, **i«ri»*fcl4**Hftt?aft (yyu*fcttW*itt*r«:«fcQ 
[ 0 0 2 2 ] 

ifc, V-^ft 3 2 coiffili, m 3 c7) (^) (oyyu«<o4fcttafb"^t6ft:^tt##J(^a* 

tC ft X , HI 3 CO ( O ) \Z -t X 0 ft , tt # #j 0> It (tttAttofc^-Hlt*^ 

— » as ft »t ) T?*>^apitit?*>Sa h«^y ^-<t L/ct^, o ^ ^ *j ^ ^ *> * b 

-<) ifk^ttM^TLfcttltjrtAT't, SE ft X S ( -< ) <0!Rl*fctt*#H* 50 
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p ) y - $ (t/^->Sfcl±t(Hlg) (c > - yu £ as ft- tt 5 T ± v> (7) T* , El 3 

co ( 4 ) waiioiiig^m^/i!), x s a* jRifttSo 

) I40J: 9 (C , 3 5 (d v- - h # tK y - ^ fig ^ § tl 1t d - /u CO ffi T* aS it 1" 

tt tf , m « W) iz v - * — co &5 ft- tt as pj gg \z ft <o , ±iSttds*:B^|p]±-r5. Bl 4 tt , p - 
;u 3 6 h co j% IS IK 3 5 - h # y ^ - £r fig L fc h co £ , 7 ^ b ^ t /n t/ 

- ^ l < f± m » k m t*t> ft z> v — $ \z. & ft *t , '>"-h«2Ky^"-sr!7 — ^tc»ufc** 

, 8115 3 5 <D & & %l <D u — 3 8 T*#IK5 J; 5 C l/:ffi]S:^ Ltv^o 

^ - h jr y - <o m & *3 ^ r t> , f> m . v * ^ k as pj «g , >- — ^ « ^ w < * 6 , & 

a-/u*fif(D^y K y > ^ a* ft i£ ft ^ v fij & it . y ;v £ fi ffi jfe ft ^ (0->-^W3 2 (7) 10 

[ 0 0 2 3 ] 

of I:, * 3§ «g W M m co is - >v ffi it *s ± xf -t co « it >7 ft co ffl . 38i * 4: R W 5 • 

> - yu «■ 3 2 as x y ^ * it ffi *a »"* #i *s m m -e , «a-t»ttffl»»T-efcB{kt<c 

ft f i -e fe 6 o 

[ 0 0 2 4 ] 

* fc . «£*©S*#JSrIv^5»^<o i 5 ftDPEia • JPffgf fr^B i: Lftl^T, El 3 
co ( ) fc ^ -j- ± 9 \c , y /u * 7t ffi tt *t co > - U 3 2 ft m L fc flf fiK 35 n a a fi: , ft 20 
I^CAtiS^t L< ttt^»4^SrSTT, ^ ^ * fc tt ffi 3te W 4 T' a f k S ^ 5 d t 
(c J: «9 , JfciiB3© ( a ) ^ -r J: 5 . 55 <k iff * ft * y - h 4r fll j& U & ± l£ # 
ft 4 w t ct «9 , m f& p r p ± \Z v- — /u W 3 2 ^ fig JF$ L t> co 4r ± * «d !|S ffi "C? # , * j£ tt 
iSliT^Sc $ 6 K s «*^»*»J<^«^i:iSv^ « t?liE* S: *»lt 8 r 1: 4 < *filt 

S?U p°p S: « S f -5 « Jt T* s> =*. - jv it ^ m tr S> 4 It tb . *v?a-;uftl S a* * *S IB fit ft 

[ 0 0 2 5 ] 

£ > y-^ft3 2^ y $ fc ii ffi ^ 14 » * *S # #J co * a co fig &m & S H , > - ^ 
#3 2 t»i^l^^^E)4v^'C, <7) its >J |r] St a* 9 # 15 i: A, ^ to < , ffl fig SB 

_b jc - «■ * fig l fc m t m c *s as & » s n , mmn<D ? ^jpELfc«Fro»#w^«i 30 

# , m m f u ffl is « * as ft _l -r ^ 0 
i& 3& (D mvtm m m & w io^t»^i « a * 9 , ? - ^ ^ ^ v — ^ w as n * as -r n ^ as m 
i/^ fc ^ , a 5^ co * #j co m & ^ s o ^ y 5 x n as s ^ ^ -5 0 

> — » 3 2 ^ 1$ *s # m & awt ^ ^ m as 4 ^ co -e , ^ a. — « » , ^ ^ y ^ ffi ^ ± tf 

5 bu co Sl » -C , > - /1- tt co a 5 & T * b -C # 6 o 

[ 0 0 2 6 ] "1 

S fc , - ^ W 3 2 «: !7 - 2 [C m ^ ^ « ffi T*5g « f 4 ( fc t x. tf ^ ^-h_feT*jR«Ufc 

t co sr ^ t- 5 ) » . i7 - ^ h m * !7 - ^ w tfi tc # -r -5 m ^ u n <d m it mm 
m m co & m as ft < ft z> 0 4 o 

^ , ^ a. — ^ Ffl (ir^u — — ^ffl) id ^ , ^ ^ — ( u — ^ ^ ffl; 

ft? R JK ffl , 4f)t/C, ir ^ u — ^ t ir s< u — ^ ) CtlUx^, SU co *f *4 to ?s — >v ( fc 
t x. fi . ^ A # ^ ^ ^ h t m * 5W ) «r ffl I** 5 & S as ft < 9 , V — «■ © Jf8 jfe * S: HU « 

[ 0 0 2 7 ] 

^ > * J*n*!r y V ft E co ffi jE — co ^ ^ 13 , f S I ^ H$ (?) ^ ^ a - f ti ^ SS C f: 

$P p a P ft if as & S ft ^ as % y , ffi ft , 4 tt # ffl © — #t 3 2 ft N ^- v? a.' — 50 
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JK I* Sr 1£ tt 6 



* 4r y h ) 
< ft £ O 



•> — ( ffi #E fi =*" a 

^ S ri s ft 

y y n © as be ) co «t id 



l:ffiffltS d i: 5 , »r 3§ H# co i* ft BS it td ^ # co K 



4 tz s =*" a # x 
fi BS! *A $t i tz 



tt • #J 



ffi n n n fd S? ft » ffi ffi «T 
- A CD m it ) tf* pf fig £ 

[ 0 0 2 8 ] 
If:, aE "+ g& 3 

^ a> a> 6 ft . 

as ft a* ft < n 

&tz s 5£ ■+ U 3 

[ 0 0 2 9 ] 

£ , is — /u W 
^«Sfi i 13 it ^ 

co ✓> ^ k y > 

ft & V — 9 \Z & 
[ 0 0 3 0 ] 

Jfij M Sfl 3 3 ^ v/ 
^ o tz B# (C > — 
T ft E - /[/ ( 
^ ) i: ft £ & m 



<e < ir if -c * 

ft 5 . 



S BE > — /u- Sr fr 5 m . ISiC^I ft 
V - ffi £ j± fg 5 fflf fi a* & 5! i: ft ^ # 
i5*>-/KO»^, d co ffi 5 i ft 



U a 
pp 



§b n n p co m m it ^ m i*u ft ( ± ^ ^ — * 

co e « a* fig Id ft 5 o 



BJEE (t£ 
x y /!✓ * tz 

z tz & , m 



4 £ K *t 
«e*co© 

s a co a 

4 ^ £b #c 

3 2 ^ 4> 
. tt » ^3 
^ ^ Pi fig 

^ m & « 

— ^ H" 3 

SUM 3 2 
> — It 

aft* # 6 *l 



co tr > ~ 

EE K it i 4 
t / ' 1/ - 
1 8 CO^cff^Bt 



3 4 (ClSl 
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